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FALLOUT: PROGRESS REPORT 


THE PRODUCTION fallout, the radioactive debris left over from nuclear explosions, essentially stopped November 
1958 when the informal moratorium nuclear testing began. Since then the explosion two small bombs France has 
added some radioactive debris, but the amount negligible compared the fallout produced the earlier American, 
British and Soviet tests. 

Since fallout includes several substances, especially strontium-90, which lose their radioactivity fairly slowly 
(its half-life yrs.), the resulting food-contamination problem continues, even though testing has, for the time being, 
been stopped. Just about one ago, witnesses before hearings the Joint Congressional Committee Atomic Energy 
presented evidence this matter. The problem complex, and the necessary scientific evidence scanty; nevertheless 
the 1959 hearings produced rough estimate the expected radioactivity from fallout that would appear our foods 
over the next decade so. the May-June 1959 issue Nuclear Information CNI reported prediction, based the 
data presented the 1959 hearings, the strontium-90 levels expected St. Louis milk the period 1959-1980. The 
main expectations were that strontium-90 level St. Louis milk, which 1958 averaged about strontium units, would 
rise gradually, reaching maximum level about units 1965, after which would gradually decline. 

the last year new information has become available, and possible make new and probably more accurate 
prediction how much fallout will enter the diet. Happily, the new information reduces the earlier estimated maximum 
value somewhere between and strontium units. This maximum now expected occur 1961 instead 
1965. These new predictions are explained the accompanying article, “How Much More Fallout?” 

The rest the fallout problem summed the questions: 

Aside from theoretical predictions, just how much strontium-90 are absorbing our diet? 

How much strontium-90 too much? How much can tolerate? 

Recent information provides new answers these questions well, and these are discussed the article, 
“Strontium-90 Levels Food.” 

Finally, brief report presented progress being made develop methods for removing strontium-90 from milk. 


HOW MUCH MORE FALLOUT? 


ORDER estimate what effect the fallout from 
past tests will have the radioactivity our present explosions, 9,2 million (mega) curies* strontium-90 
and future food supplies, three things need known: were According the consensus group 
How much radioactive fallout has been produced experts testifying before the committee 
past tests; how much has reached the ground; 1959,! only 6.0 these 9,2 megacuries strontium-90 

how much remains the atmosphere? were likely come down earth widespread fallout. 


John Fowler 


tons TNT, megatons fission energy. these 


How fast, after the explosion that produces it, The remainder would lost through decay radio- 
does fallout spread through the stratosphere and activity deposited local fallout near the test site. 
trickle down earth? 

How the amounts fallout already the soil, Inventory the Earth 


One way check this estimate total fallout 
take strontium-90 inventory the earth. the present 
time this inventory will consist two items: the strontium- 
the foods such milk that are produced from 
that has already fallen earth, and the amount re- 
maining the stratosphere. The first item can 
estimated from direct measurements the strontium-90 


and the new fallout that comes down rain 


the past year new information has become avail- 


able which provides more complete and accurate answers 
these questions than were previously possible. 


How Much Fission? 

The total amount fission radioactivity released 
tests date fairly well known from estimates the 
numbers and sizes weapons that have been exploded 
the U.S., U.S.S.R. and Great Britain. (The two 
recent explosions France released noticeable, 
but very small, amount fallout.) All past nuclear ex- 
plosions have released the equivalent million 


found the soil (the U.S. Department Agriculture 
makes such studies world-wide basis). These 
measurements showed that October 1958 there were 
about megacuries strontium-90 the earth. 

This means that there should have been 6.0 minus 
3.2 about 2.8 megacuries strontium-90 the 


curie measure radioactivity based the amount given 
off gram radium. 
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HOW MUCH MORE FALLOUT? (con’t from page 
stratosphere that date. (Of this amount about 
megacuries were from old tests, and 1.5, from 
tests the fall 1958.) This value not very easily 
checked since this would require numerous measuremerits 
the radioactivity the air different altitudes 
all parts the world. 


Stratospheric Measurements 

U.S. Air Force project, using the now-famous U-2 
planes equipped with air scoops and filters, has been 
making stratospheric strontium-90 measurements, Since 
August 1957 these planes have been patrolling the air 
along meridian north-south line around the earth) 
high altitude. recent report this work? provides 
with estimate the average strontium-90 inventory 
the stratosphere during the period November 1958 
November 1959. The value reported was surprisingly low: 
about 0.8 megacuries. 

The previously mentioned estimate 2.8 megacuries 
the air October 1958, would have been expected 
result average value for the 1958-59 period 
1.5 megacuries. one regards the Air Force data 
conclusive, then the total amount fission must 
have resulted only 4.6 megacuries rather than 6,0, 
discrepancy about 1.5 megacuries. 

There are three possible explanations for this dis- 
crepancy: 

possible that the amount strontium-90 con- 
tributed the Russian tests the fall 1958 
had been heavily overestimated. 

The speed with which strontium-90 has been de- 
scending earth has been far greater than previously 
thought, that most the amount that was be- 
lieved the stratosphere already the 
(The ground strontium-90 measurements are 
not recent enough show this effect.) 

The Air Force estimate stratospheric strontium- 
inaccurate. 


Rate Fallout 

1956 and 1957 the then AEC Commissioner, Willard 
Libby, estimated that one-half the stratospheric stron- 
tium-90 would come down in5 years. Evidence reported 
the Congressional hearings last year meteorologists 
faster rate that the average residence 
time might more nearly one year. The rate fallout 
probably depends whether the original explosion took 
place near the equator near the pole, and also 
the time year. For example, fallout from Russian 
tests polar latitudes the late fall came down 
heavily the next spring, whereas the U.S. and British 
tests early summer the equator produced fallout 
that seems have stayed two three times longer. 


How Much the Stratosphere? 

There some evidence that the recent Air Force 
estimate about 0.8 megacuries strontium-90 the 
stratosphere May 19°9, too low. This evidence 
comes from two sources. The first U.S. Weather 
Bureau report the amount fallout that has come 
earth the period June 1958 May 1959. This report 
shows that about 1.26 megacuries strontium-90 
reached the earth that period. However, the Air 
Force stratospheric inventory were correct, only about 
0.8 megacuries should have come down during that time. 
This suggests that the Air Force inventory too low. 


Another check can made looking the actual 
data the rate which fallout has been coming 
earth recently. The rate deposition affected 
mathematically predictable way the two factors 
which are interested, i.e., the amount remaining 
the stratosphere, and its average residence time. There- 
fore can test various assumed values for these two 
factors checking the fallout deposition which they 
predict, against the fallout found measurement. 


Three Different Assumptions 

Recent detailed month-by-month measurements 
fallout are available for Pittsburgh, Pa.,3 and the 
chart, these results are compared with the values pre- 
dicted according three different assumptions: 

Total strontium-90, 4.6 megacuries; residence 
time, months (based Air Force data), 

6.0 megacuries; residence 
time, months (based suggestions panel 
experts the 1959 hearings). 

Total strontium-90, 6,9 megacuries; residence time, 
years (suggested last year’s hearings and 
used for the 1959 CNI 


Predicted Curves: 
total; mos. mean life 
6.0 total; mos. mean life 
6.9 total; yrs. mean life 
Points are actual measurements 


fallout soil Pittsburgh, Pa. 


YEAR 


MILLICURIES PER SQ. MILE 


This comparison shows that the actual fallout depo- 
Pittsburgh greater than that predicted 
the first (Air Force) assumption, but not continuing 
rise much would predicted the third 
(1959 CNI) assumption. The second assumption looks 
best right now, but cannot sure until fallout data 
for the rest 1960 become available. 


What this Means 

The upshot these calculations this: Predictions, 
based Air Force estimates stratospheric strontium- 
90, that have already passed the peak fallout, 
are probably too optimistic. Predictions, based data 
from the 1959 Congressional hearings (such those 
made CNI last year), that the fallout peak will not 
come until 1965, were too The best estimate 
that the fallout peak will occur Septem- 
ber 1961. The calculations also suggest that the 
1959 CNI estimate that St. Louis would have maximum 
106 millicuries strontium-90 fallout per square 
mile, too high. The estimated maximum now becomes 
about millicuries per square mile (in September 1961). 


*The value megacuries was derived from report the 
fallout hearings Merle Eisenbud the AEC. 
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STRONTIUM-90 LEVELS FOOD 


THE MANY radioactive elements found 
fallout, principal concern with strontium-90. Chemi- 
cally similar calcium and very long-lived (30 years 
average), built into the bone where its effects will 
persist for lifetime. Strontium-90 levels foods re- 
spond number factors ways which are not yet 
quantitatively understood: total strontium-90 the 
soil; rate fallout during the period growth; agri- 
cultural practices; and, the case dairy products, 
rejection factors the animal’s metabolism. there- 
fore not yet possible predict food levels from measure- 
ments total fallout fallout rate with great deal 
accuracy (see Fowler article); the expanding programs 
direct measurement radioactivity foods yield 
the most immediately significant data for the evaluation 
Before summarizing these data, will econ- 
omical review the units commonly used. The tentative 
for the permissible average level strontium- 
food micromicrocuries per kilogram (2.2 
For purposes visualization, this concentration 
strontium-90 about (fast 
electron) every two seconds one pound 
Because the average daily diet, including water, 
weighs about 2.2 kilograms, strontium-90 micro- 
microcuries) kilogram any major component 
the diet, are more less directly comparable the 
guide-line for judgment risk (to the extent that 
the guide-line meaningful see the discussion below). 
One further effect needs taken into account: foods 
that are high strontium-90 are general high cal- 
cium well, because the chemical similarity the 
two elements. Calcium essential the diet, that 
strontium-90 exposure cannot minimized avoiding 
all calcium-rich foods. The best that can done 
obtain the required calcium economically possible 
terms strontium-90 exposure. For this purpose, 
the strontium-90 level per kilogram foodstuff must 
compared with its calcium concentration per kilogram. 


Milk the First Food Studied for Strontium-90 

our primary source dietary calcium, milk was 
the first food systematically checked the U.S. Public 
Health Service for strontium-90 Although 
these data play important role all discussions 
fallout, must emphasized that they are most in- 
adequate survey: the largest number stations reporting 
has been 12, and the samples from each come from only 
1000 cows. the past year the strontium-90 level 
milk from the St. Louis area has been the highest among 
the cities reporting. 


Grains and Vegetables 

Strontium-90 levels grains and vegetables have 
been studied even less extensively, but their importance 
becoming AEC Health and Safety Laboratory 
data for strontium-90 1959 winter wheat show that 
once again Missouri leads with highest average (121 
micromicrocuries per kilogram), and highest peak values 
(198 micromicrocuries per The distribution 
strontium-90 the milling products wheat quite 
For equal weights, bran contains more strontium- 
than flour. For 1958 wheat, the values are and 
micromicrocuries per kilogram respectively. For the 
same reason, whole wheat bread contains more strontium- 
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Pond 
The U.S. Public Health Service has recently 
new strontium-90 levels leafy plants. Eight 
samples spinach (80 grams calcium per kilogram) 
ranged and 461 micromicrocuries per kilogram. 
Several forage crop samples (average grams 
calcium per kilogram silage) were over 1000 micro- 
microcuries per kilogram, and one was over 4000.6 
Most these grain and vegetable levels are ex- 
cess the guide-line micromicrocuries per kilo- 
gram for the average diet, several greatly so. Although 
these foods are minor sources calcium they can, even 
consumed small quantities, contribute much 
strontium-90 the diet milk does. kind word for 
the cow order: striking feature the milk con- 
tamination its small value relative the levels 
the cow’s fodder. The cow, the process lactation, 
cuts the burden strontium-90 about one-tenth 
that its food. This effect least partially re- 
sponsible for the very great concern over fallout Asia, 
where grains are the primary source dietary calcium. 
these cultures, the risks are perhaps much greater 
than ours, 


Strontium-90 Whole Diet 

The importance considering the strontium-90 intake 
the whole diet has been emphasized two recent 
studies. The U.S. Department Health, Education and 
Welfare has calculated the strontium-90 consumption 
average diet, using the AEC’s average 1958 contamin- 
ation figures. The results are shown Table The 
average daily intake 12.1 micromicrocuries strontium- 
compared with the guide-line for 2.2 kilograms 
food: 2.2 micromicrocuries per day. 


TABLE 
DEPT. H.E.W. CALCULATIONS 


Sr-90 average U.S. 
diet 2.2 kilograms per day. 


Material 
Sr-90 Consumption Sr-90 ingested 
ppe per per day per day 
Bran 2.0 0.4 
Flour 227 2.7 
Dairy Products 410 4.1 
Other Fluids 590 1.0 
Other Solids 971 3.9 
TOTALS 2200 12.1 


Consumers Union Study 

The second study, Consumers Union, based 
entirely new Food, milk and water, typical 
two-week diet for teen-ager, were collected 
different cities November 1959. Strontium-90 and cal- 
cium assays were performed each diet sample. 
eight the cities separate milk samples were taken 
and assayed. The results are summarized Table II. 
The three highest cities and the lowest are given, to- 
gether with average figures. only one city, Louisville, 
was the strontium-90 calcium ratio the milk less 
favorable than that for the whole diet. Consumers Union 
estimates that more than half the strontium-90 in- 
gested comes from foods other than milk. The average 
ingestion obtained, 15.3 micromicrocuries per day, 
probably consistent with the estimate HEW for 1958, 
12.1 micromicrocuries per day, view the increase 
strontium-90 the soil during the intervening year. 
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STRONTIUM-90 LEVELS FOOD (con’t page 


TABLE 
CONSUMERS UNION MEASUREMENTS 
Daily ingestion Sr-90 (in November 1959 


the whole teen- same amount dietary 
age diet calcium had been 
obtained from milk alone 
New Orleans 21.7 21.0 
St. 20.6 15.7 
Boston 20.2 11.7 
Los Angeles 
Average 
cities 15.3 
Average 
cities with 
separate milk 
samples 17.2 


Evaluation Risk 

The significance all these figures turns, course, 
the meaning the “guide-line”:33 micromicrocuries 
strontium-90 per kilogram average diet. The evolu- 
tion the recommendations for maximum permissible 
concentrations (MPC) radioactivities food has been 
discussed earlier issues Nuclear Information. 
summarize, acceptable levels exposure bone-seekers 
such strontium-90 have been estimated the meager 
but nonetheless positive evidence lethal long-term 
effects from the ingestion radium, with approximate 
allowance for the various differences between these two 
activities which might mitigate enhance the damage. 
The recommending body, the International Committee 
Radiological Protection, its studies, has been mainly 
concerned with the protection small numbers people 
carefully controlled circumstances. For situations 
where entire populations are exposed, they recommend 
reduced maximum permissible level take into account 
the variations susceptibility (known large among 
individuals and also depend age), and allow for 
fluctuations the level exposure (assumed not 
depart from the average level more than factor 
for significant numbers people). 


1958 Statement ICRP 

These considerations lead the ICRP attach the 
following significance the MPC figure (as 1958): 

For 50-year exposure this level risk 

the individual not precisely determinable but, 

however small, believed not zero... 

the best our present knowledge this 

thought not constitute unacceptable 

The flavor the scientific situation here perhaps 
best compressed into the following bit history. Twice 
since 1957, the AEC has had revise its evaluations 
fallout hazard conform the ICRP recommenda- 
tions. Before that date MPC strontium-90 was 
used, with every evidence confidence, that was 
times greater than the present value. 

This 1958 statement marks the effective demise 
the concept MPC. the data have improved, 
has become fairly clear that some damage will follow any 
irradiation. understanding continues improve, 
will become possible estimate for all levels ex- 
posure how many people will involved each kind 
damage. But amount scientific research can lead 
definition “acceptable risks”; this moral and 
social matter which the public, and its governmental 
agencies must decide. The most that scientists will 


eventually able contribute the discussion (and 
that not for along time) will estimates the incidence 
various radiation-induced diseases from man-made 
activities, relative their incidence from natural, un- 
avoidable sources radiation(cosmic rays and natural 
radioactivity). the interim, the best that can done 
compare fallout levels the MPC. For lifetime 
exposure the whole population the current MPC 
level, one can only certain that gross damage will 
not occur such large numbers people that the 
effects would readily apparent medical statistics. 
Hopefully, the figure contains some additional factor 
safety, but this cannot asserted with any certainty 
present. 


The Federal Government and the MPC 

The federal government aware the changing 
significance the MPC. The Federal Radiation Council 
has recently issued splendid, concise analysis the 
factors which enter into the development radiation 
protection Arthur Flemming, Secretary 
HEW, commenting the AEC data summarized 
Table emphasized that uses the current MPC only 
guide-line (presumably pending authoritative 
definition “acceptable His conclusion that 
the average diet figure Table 

12.1 Sr-90 

2.2 kgm diet 
does not constitute public health hazard warranting 
regulatory action, because 17% (5.5+33) the 
guide-line maximum value. 

This conclusion matter judgment, and alter- 
native views are possible. Some observers prefer not 
base their conclusions average values. should 
noted that the factor built into the MPC allow for 
variations exposure level already fully expended 
the range concentrations found the very in- 
complete sampling Table II. St. Louisans can take 
relatively little comfort from assurance that, the 
average, action required implied that none 
would initiated unless and until the national average 
crossed the guide-line. such time, the St. Louis 
average would likely 50% over the Another 
unfortunate aspect dealing averages that far 
the greatest risk thereby automatically assigned 
our children, because their greater susceptibility and 
longer exposure. Further, the average diet concept will 
little comfort person whose appetites are ill 
chosen: for example, man with tastes for brown bread, 
spinach and bran 

Another relevant point the reflection that strontium- 
concentration sufficient produce 17% MPC the 
diet culture that relies largely milk for its cal- 
cium will produce 102% MPC among people whose diet 
rich 

Behind this situation lies the fundamental assumption 
which the basis for all secommendations regarding 
permissible radiation levels: that any added exposure 
radiation will have some effect, however may 
be. Turned around this means that any effort keep the 
level radiation down may expected some 
Whether the value expected worth the effort 
something that the people affected must decide. 
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Outlook For Strontium-90 Milk 

From the new predictions the expected fallout levels 
the ground, should possible calculate how 
high the strontium-90 content milk will go, and when 
the maximum will reached. But here again, new data 
developed the last year may change the outlook 


somewhat. 
For some years there has been important uncer- 


tainty our knowledge about the passage strontium- 
from the rain, which reaches the earth, into the 
plant (and finally into milk and other foods). One theory 
that enters the soil and moves from the soil, via the 
roots, into the this case, the amount strontium- 
the plant will depend the total amount which 
has accumulated the soil over the years since testing 
began. More recently, experiments have shown that 
another route possible: strontium-90 rain falls 
the leaf, and then absorbed directly into the plant 
without ever entering the soil. this so, plant will 
absorb strontium-90 according the amount fallout 
that comes down during its growing season. other 
words the strontium-90 content the plant will depend 
the rate fallout, rather than the total amount 
past fallout that has accumulated the soil. 


Important Distinction 

The distinction between the two theories important. 
Since testing ended 1958, the rate fallout has 
become smaller; but the total amount strontium-90 
the soil has continued increase, although not fast 
earlier years. Therefore, strontium-90 plants 
and milk depends the rate fallout, which was 
its maximum early 1959, then the radioactivity 
levels our food were their worst last year, and will 
decline from now on. the other hand, the strontium- 
plants follows the total soil level, then the amount 
our food will continue increase slowly, finally 
reaching maximum and declining because the natural 
decay the isotope. 
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evaluate the significance these two routes 
entry strontium-90 into milk, can compare the 
strontium-90 levels which the U.S. Public Health Service 
has found St. Louis milk, with data about the rate 
and total amount fallout the time. These calculations 
show that the strontium-90 content St. Louis milk 
follows the total strontium-90 level the soil more 
closely than does the rate fallout. However, the 
rate strontium-90 deposition does have some effect: 
When the rate fallout high, the milk strontium-90 
somewhat higher than would otherwise expected. 

Taking this analysis into account, would appear 
that St. Louis milk will its highest strontium-90 
levels inthe summer 1961 when, the average, will 
reach maximum level strontium units the 
rate fallout has significant effect. the rate 
effect part the story present data indicate 
then the maximum strontium-90 level reached St. 
Louis milk (in the absence further nuclear testing) 
will somewhere between and strontium units, 
and may its highest point right now. 

The milk are now drinking the summer 
1960 contains the answer; mixed with the calcium, 
minute amounts, are atoms the ubiquitous strontium- 
90. there are many, then they have come mainly from 
the soil, where this blast-formed radioisotope has been 
accumulating for the eight years testing. there are 
few, then they must come with the rain, dripping 
the leaves and entering the plant directly, the last rem- 
nants the emptying stratospheric reservoir. the 
former true, then St. Louis milk will flirt strongly 
with the suggested maximum permissible concentration 


need look only the present trickle from the air for 


milk strontium-90, then have already seen the worst 
the problem. The clicking geiger counters Public 
Health Service laboratories will tell the tale. 


Dr. Fowler asst. prof. physics Washington University, St. Louis. 


REMOVING STRONTIUM-90 FROM MILK 


INTEREST methods for removing strontium-90 from 
milk has continued toincrease during the past six months, 
and progress has been made toward practical process. 

now known from studies made several labora- 
tories the U.S. and Canada, that when milk poured 
through tube containing certain synthetic resins, most 
the strontium-90 removed. Since some the resin 
materials tend dissolve the milk, search for other 
strontium-90 absorbing materials has been Parti- 
cularly intriguing the discovery made two investi- 
gators the University Minnesota Medical School, 
Drs. Leon Singer and Armstrong, that various 
powders made from animal bone will remove strontium-90 
from 

the same time, research St. Louis supported 
the Pevely Dairy has been going forward 
the matter applying the laboratory findings the 
practical problem treating milk the dairy plant. The 
St. Louis investigators are working these problems: 
the choice the best strontium-90 removing material; 
flow system fast enough accommodate 
quantities milk; and3)a method for measuring strontium- 
milk that gives fast results. 

Thus far, results this research have confirmed the 


earlier laboratory studies, and have led the develop- 
ment analytical method that gives the strontium-90 
content the milk day two, instead the week 
two required earlier methods. The Pevely Dairy 
Company installing large pilot-plant flow column, 
and removing materials will 


tested this column under practical conditions. 


this means hoped that process suitable for 


actual use the dairy will worked out. 
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NEW BOOK FALLOUT. 


THE TITLE John Fowler’s new book, “Fallout,” 
deceptive. The book actually represents far-reaching 
discussion nuclear problems, and fallout only 
small fraction the subjects with which the book deals. 
Readers Nuclear Information will find some familiar 
material, but the bulk the book consists new, 
authoritative, and comprehensive synthesis current 
information and thought the challenges and dangers 


our nuclear age. This “must” reading for every 


cated citizen. 

Written eleven widely recognized authorities 
their respective fields, the book contains provocative 
data and suggestions all fields that are general 
interest. Governor Adlai Stevenson’s foreword paints 
the broad political background against which nuclear 
matters must considered. After briefly stating the 
problems fallout and conflicting views, Fowler 
gives readily understandable discussion about 
the principles underlying the construction various 
thermonuclear bombs and about their products. 
This followed essays patterns fallout, the 
sequence events which radioactive isotopes find 
their way from the environment human beings, general 
biologic effects radiation, and genetic effects. The 
last two these essays are especially worthy careful 
study. 

The next three chapters radiation accidents, 
protection, and civil defense can easily omitted 
without doing harm the continuity presentation. The 
chapter civil defense, written Congressman 
Holifield, interest, however, because represents 
point view that undoubtedly alien that the 
majority the other contributors. Holifield does not con- 
ceive nuclear war total catastrophe and therefore 
believes that extensive program civil defense 
the best guarantee against nuclear attack. Many readers 
will not convinced, especially after studying Ralph 
Lapp’s description nuclear war. Lapp’s cold analysis 
available data combined with Fowler’s concluding re- 
marks national survival leave little doubt that civili- 
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zation, now know it, could not withstand nuclear 
holocaust. The fact that some beings may 
survive does not afford much comfort. 

outstandingly attractive feature this book 
the variety opinions represented. The reader has 
difficulty separating fact from speculation. neces- 
sity, there considerable overlap ofthe subjects covered 
the various contributors, but this impresses one 
strength rather than weakness. Without belittling the 
significance from test explosions, the book 
leaves doubt that present fallout trivial problem 
comparison with the potential hazards nuclear war, 
From this, Fowler concludes The voice 
finally decides should not that the scientist, the 
weapons expert, the military tactician. must belong 
the great voting mass the American people.” Most 
members CNI would agree but would insert the word 
“informed” before the “voting mass.” 

The appendices the book are interest 
the serious reader. They include discussions funda- 
mentals radiation, fission and fusion, and glossary 
terms. These chapters should prove invaluable for 
those who learned their physics twenty years ago and 
those who never learned all. Apparently, one can 


longer afford tobe totally ignorant these matters, 
R., 
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